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[57] ABSTRACT

A processable blend having high temperature and thermal
shock resistance properties includes a resin blend which
includes at least one first silicone polymer and at least one

second silicone polymer. The processable blend is ceram-
itizable at a temperature above about 1100° F. A method of
producing an article with high temperature and thermal
shock resistance properties includes forming a silicone blend
of at least one first silicone polymer and at least one second
silicone polymer, wherein the blend is ceramitizable at a
temperature above about 1100° F.; forming the blend into the
shape of the desired article; and, at least partially curing at
least one of said silicone polymers at a temperature below
the ceramitization temperature.

50 Claims, No Drawings
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PROCESSABLE SILICONE COMPOSITE
MATERIALS HAVING HIGH
TEMPERATURE RESISTANCE

RELATED APPLICATION

This application is a continuation-in-part of U.S. Pat.
application Ser. No. 08/169,505 filed Dec. 17, 1993, now
abandoned.

TECHNICAL FIELD

This invention generally relates to a processable and
curable composite material which possess high thermal
stability upon exposure to high temperatures, More particu-
larly, the composite material includes a curable blend of a
first silicone polymer and a second silicone polymer, which
blend will ceramitize upon exposure to high temperatures.

BACKGROUND OF THE INVENTION

It 1s known in the art to provide ceramic materials for use
in applications requiring high thermal stability. One of the
major drawbacks with ceramic materials however, is that
they are not easily processed using conventional techniques.
Ceramics are generally known to have high softening tem-
peratures, and therefore, are not as easily shaped as com-
pared to organic polymers having lower softening tempera-
tures, which are often melt processed. Therefore, ceramic
materials are usually machined or otherwise mechanically
shaped before they are employed. Ceramic, metal and some
polymer processing requires extreme conditions (tempera-
ture and pressure) or complicated equipment for processing,
and therefore, experience a higher scrap rate.

Because of the processability problems with ceramic
materials, it is known to process ceramic precursors to a
desired shape, and then pyrolyze the precursor to form a
ceramic material. However, many ceramics are brittle and
therefore, not useful for applications where structural integ-
rity 1s required.

Silicone based laminating materials are also known in the
art. However, these matenials, including silicone based
ceramics, suffer the same poor processability characteristics
of other ceramics. In addition, silicone laminating materials
are also often brittle and subject to delamination. Further,
silicone laminating materials generally are known to have
limited thermal protection characteristics and limited resis-
tance to thermal shock.

Thermal shock is generally understood to mean the
stresses induced when a material is suddenly exposed to a
higher temperature than 1ts pre-exposed temperature. Many
insulating materials are capable of withstanding high tem-
peratures, including many ceramics. Hence, ceramics are
often employed to make articles requiring at least a certain
degree of heat resistance. If the temperature rise 1s gradual,
many ceramics will effectively function as an insulator.

However, when the surface of an insulating material 1s
subjected to a sudden temperature rise over a short period of
time, such as from a substantially instantaneously applied
flame or the like, the surface of the material will expand due
to the temperature rise. The core of the material however,
often remains at the ambient temperature, at least for a
sufficient amount of time such that it will not expand as the
surface is expanding. The effect of this temperature gradient
within the matenals, 1s that the matenal 1s stressed due to the
unequal expansion rates, and cracks or the like can occur
therein if the stresses are greater than the sirength of the
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material. Thermally induced stresses can be represented by
the following formula:

Thermal stress=0l.AT=AcE

where o is the linear thermal expansion coeflicient of the
material; L is the finite element length; AT 1s the thermal
gradient across the material; Ae is the thermal strain; and, E
is the modulus of the material.

Because of the sudden exposure to an increased tempera-
ture, it is common to refer to a material’s ability to withstand
a sudden temperature increase as its resistance to “‘thermal
shock”. Monolithic materials which are known to crack
upon sudden exposure to high temperatures include silica,
quartz, alumina, zirconia and graphite.

Phenolic resin-based composites are known to provide
high temperature resistance due to their ability to ablate, 1.¢.,
produce an insulating char. However, the char has poor
mechanical characteristics and these composites have only
limited uses. Carbon/carbon composites also have good
thermal stability, but are known to have poor resistance to
oxidative atmospheres and are difficult to fabricate.
Ceramic-based materials have good thermal stability, but as
discussed above, are difficult to process and have poor
resistance to thermal shock,

A need exists therefore, for a processable material which
possesses high thermal resistance properties, good structural
properties, resistance to thermal shock and which is pro-
cessable by conventional techniques.

SUMMARY OF INVENTION

It is therefore an object of the present invention to provide
a material which will provide high temperature resistance
and thermal shock resistance in a given application.

It is another object of the present invention to provide a
material which will provide high temperature resistance and
thermal shock resistance in a given application and which
can be processed by conventional techniques.

[t is a further object of the present invention to provide an
organic polymer having oxidation stability.

It is still another object of the present invention to provide
a method for producing an article with high temperature and
thermal shock resistance properties.

It is yet another object to provide a method for producing
an article with high temperature and thermal shock resis-
tance properties, employing conventional processing tech-
niques.

The foregoing objects, together with the advantages
thereof over the known art relating to thermal protection
materials which shall become apparent from the specifica-
tion which follows, are accomplished by the invention as
hereinafter described and claimed.

in general, a processable blend having high temperature
and thermal shock resistance comprises at least one high
viscosity silicone polymer and at least one lower viscosity

silicone polymer. The blend is ceramitizable at a temperature
above about 1100° FE. (590° C.).

There is also provided according to the present invention,
a method of producing an article with high temperature and
thermal shock resistance comprising forming a blend of at
least one high viscosity silicone polymer and at least one
lower viscosity silicone polymer, wherein the blend is
ceramitizable at a temperature above about 1100° E (590°
C.); and, at least partially curing at least one of the silicone
polymers at a temperature below the ceramitization tem-
perature.
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An article according to the invention contains a layer of
matenial formed from a silicone blend. The silicone blend
comprises a silsesquioxane component comprising at least
one silsesquioxane polymer and at least one polydiorganosi-
loxane component. The resin blend is ceramitizable at a
temperature above about 1100° F., and at 25° C. the silses-
quioxane component has a viscosity of about 500,000 cen-
tipoise and above and the polydiorganosiloxane component
had a viscosity of from about 10 to about 100 centipoise.

PREFERRED EMBODIMENT FOR CARRYING
OUT THE INVENTION

There 1s provided, according to the present invention, a
material having high temperature and thermal shock resis-
tance properties. The material includes a blend of silicone
polymers, at least one of which may be at least partially
cured to provide the material with structural integrity. Upon
exposure to high temperatures, such as for example, above
about 1100° F. (590° C.), at least one of the silicone
polymers ceramitizes, providing the material with high
temperature and thermal shock properties for an extended
lifetime relative to conventional materials.

Because the blend is not a ceramic until exposure to high
temperature causing ceramitization, it is processable by
conventional means, techniques and apparatus. For example,
the blend may be laminated to an article, such as a fire door
or the like, and then cured, thus providing the door with the
desired property of thermal resistance. The blend may also
be formed into a desired shape, such as a tile or the like,
cured and then affixed to an article to provide the desired
properties. The specific order of the steps of preparing the
blend, curing, shaping and/or athxing are not necessarily
limitations of the present invention.

The blends according to the present invention include at
least one first silicone polymer, at least one second silicone
polymer, and optionally a filler material. Fibrous reinforce-
ment members are also optionally yet preferably added to
the blend. Furthermore, the blend is ceramitizable at a
temperature above about 1100° E. (590° C.).

Preferably, the first silicone polymer has a viscosity of
about 500,000 centipoise (cp) and above at “ambient” or
room temperature of about 25° C. (Viscosities as provided
herein are determined using a standard Brookfield viscom-
eter.) That is, it is preferably a solid at room temperature, and
therefore, may be relatively termed as the more ‘high
viscosity” or the more “rigid” polymer. The first polymer is
preferably a silsesquioxane polymer having the gencral
structural repeating unit RS10,,, where R is either a methyl
or a phenyl group or a mixture of both. The silsesquioxane
is believed to have a number of structures, including the
following:

i |
—8i—0 .?i OH
OH
R R
| |
—?i—O—?i—OH
0O
|

and,
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4

-continued

Preferably, the second silicone polymer has a lower
viscosity of from about 10 to about 1000 cp at a temperature
of about 25° C. This polymer is also generally characterized

~as having a high elongation of from about 5 to 10 percent,
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and the ability to completely “wet-out” the reinforcing
fibers. The second silicone polymer is preferably a liquid at
room temperature, and therefore can be relatively referred to
as the more “flexible” polymer. Examples of useful second
silicone polymers include for example,polydiorganosilox-
ane homopolymers such as silanol terminated polydiorga-
nosiloxane polymers, methylsiloxane resin (that is, methyl
terminated polydiorganosiloxane), and the like, as well as
mixtures thereof.

As used herein, the silanol terminated polydiorganosilox-
ane has at least one reactive end group. An example of a
silanol terminated polydiorganosiloxane is silanol termi-
nated polydimethyl siloxane:

HO(CH.),Si0~—[—Si(CHz),0—]—, Si(CH,),0H

where the moiety in the brackets is a repeating polymer unit
and “n” is an integer of from 0 to about 10,000.

Silicone polymers for use in the present invention as both
the first and second silicone polymers having the respective
viscosities as described above, also include silicone copoly-
mers. Useful silicone copolymers include silicone random
copolymers, silicone block copolymers and silicone-organic
copolymers.

An example of a useful silicone homopolymer has the

general formula

R; R; R
Ri—S1—0O S1~0 S1—R3
R, Ry R,

wherein R, and R, are the same or different and are
hydrogen, an alkyl group having from about 1 to about 6
carbon atoms, such as methyl, ethyl and the like, a phenyl
group, a vinyl group, or a halogenated alkyl, phenyl, or vinyl
group as above, such as 3,3,3-trifluoropropyl; R, can be the
same as R, and R, or can be an hydroxy group; and, n is an
integer of from about 0 to about 10,000.

An example of a useful silicone random copolymer
includes a polymer having a random distribution of dialkyl
siloxane, diphenyl siloxane, dialkylphenyl siloxane, alkyl
vinyl siloxane, and the like. In such random copolymers, the
alkyl constituents would have from 1 to about 6 carbon
atoms. Such a random copolymer can be represented by the
general formula

Rs

| o
OH ?i—O S1-—0 ?i-—O H
R4 Rs R4

X

where at least one of R4, R and Ry are different and are
individually hydrogen, an alkyl group, an alkyl phenyl group
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or a vinyl group, where “alkyl” is as described hereinabove;
and x is an integer of from 1 to about 10,000.

Useful silicone block copolymers include silicone blocks
of different compositions. For example, a useful silicone
block copolymer can be formed by reaction of linear poly-
dimethylsiloxanes having silanol end groups with p-bis-
(dimethylhydroxysilyl)benzene.

Other silicon-organic copolymers are also useful in the
practice of the present invention, such as for example,
silicone-polyether block copolymers.

The silicone polymers having the viscosities as discussed
hereinabove, and described in SILICONES Chemistry and

Technology, Bayer et al., eds., CRC Press, Boca Raton,

1991, which is hereby incorporated by reference for its
disclosure of such polymers, are further representative of the
useful polymers for practice of the present invention.

The preferred silicone polymers for practice of the inven-
tion include silicone homopolymers. Of these, polydiorga-
nosiloxanes such as silsesquioxane, polydimethylsiloxane
(methylsiloxane resin), polydiphenylsiloxane, polydiethyl-
siloxanc, and silanol terminated polydimethyl siloxane are
particularly preferred.

In order to reinforce the blend, fiber or felt reinforcement
members including fibers such as glass, quartz, silica, car-
bon, alumina, aluminosilicate, amide, and mixtures thereof,
are preferably added to the blend. The fibers can be in any
structural form or architectures, including fabrics, unidirec-

tional arrays, rovings, mats, braids, 2-dimensional fabrics,

3-dimensional fabrics, mixtures thereof, and the like. As

stated above, it 18 preferred to use an effective amount of
fibrous reinforcement members, which is the amount nec-
essary (0 maintain the mechanical properties of the blend
throughout the curing process. Curing will normally take
place at elevated temperatures, and suflicient reinforcement
should be provided to maintain the desired structural and
mechanical integrity of the blends during such curing. Cured
articles according to the invention which contain an effective
amount of reinforcement members maintain high tempera-
ture, oxidation and thermal shock properties. The reinforce-
ment material should give the composite laminate mechani-
cal integrity during pyrolysis.

A preferred filler material which may also be added to the
blend is a heat resistant filler material and is preferably a
fibrous or particulate material, or a combination thereof.
Fillers for heat resistant composites according to the inven-
tion include those conventional in the art for imparting heat
resistance, such as silica, alumina, inorganic oxides, alumi-
nosilicates such as mullitc, morganic carbides, inorganic
nitrides, and mixtures thereof. The filler is preferably com-
posed of discontinuous fiber such as whiskers, particles, and
mixtures thereof.

The amount of reinforcement fibers or felts and fillers will
vary according to the end use of the invention, and are
thercfore, not an absolute limitation thereof. It is preferred
therefore, 10 use an amount sufficient to be effective for
imparting the mechanical or thermal characteristics required
for the end use application.

It is preferred to employ from about 50 to about 90 parts
by weight of the first silicone polymer blended with from
about 5 about 35 parts by weight of the silanol terminated
polydimethylsiloxane, and optionally, from 0 to about 25
paris by weight of methylsiloxane resin. The blend of the
first and second silicone polymers will be referred to herein
as the “resin blend”. One example of a blend according to
the invention includes about 72 parts by weight of silses-
quioxane polymer having a viscosity of about 500,000
centipoise and above at 25° C.; about 10 parts by weight of
methylsiloxane resin,
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6

(CH3)3SiO_[_Si(CHS)z““O“'"]“‘“nSi(CHa)S

(where the moiety in the brackets is a repeating polymer umnit
and “n” is an integer of from 0 to 10,000) and about 18 parts
by weight of a mixture containing about equal parts by
weight of methylsiloxane resin and silanol terminated poly-
dimethylsiloxane; where the methylsiloxane resin and the
mixture have a viscosity of from about 10 to about 1000 at
25° C. The silsesquioxane has the general formula RS10,,,
as discussed hereinabove. Such a silsesquioxane i1s commer-
cially available for example, from G.E. Silicones as SR-355
and is sometimes referred to as a “methylphenylsesquisi-
loxane”.

Examples of polydiorganosiloxanes commercially avail-
able from G.E. include TRIPLUS™ TPR 178 and TPR 179.
Dow Coming also provides a number of similar silicone

resins under the product designations: DC-801, DC-804,
DC-805, DC-806A, DC-808, DC-840, DC-2103, DC-2104,
DCQ-1-2529, DCQ-1-2530, DCQ-2531, PSOX AND P80X.

A filler as described above can be added to the resin blend.
Preferably, from about O to about 375 parts by weight of a
heat resistant filler in the form of discontinuous fibers,
particles or mixtures thereof 1s added to 100 parts by weight
of the resin blend. A preferred discontinuous fiber is a
whisker.

If a reinforcement is employed with the resin blend, the
amount of such reinforcement can vary from about O to
about 400 pans by weight of fibrous or felt reinforcement
added to 100 parts by weight of the resin blend.

As an example, a blend according to the invention and
adapted for use in forming bulk molding compounds and
prepreg, includes from about 50 to about 65 parts by weight
of silsesquioxane and from 23 to about 35 pans by weight of
silanol terminated polydiorganosiloxane (preferably silanol
terminated polydimethylsiloxane). Such a blend may also
include from about 12 to about 16 parts by weight of
polydimethylsiloxane resin, from about 47 to about 375
parts by weight of a heat resistant filler matenal and from
about 0 to about 27 (more preferably, about 20 to about 27)
parts by weight of a reinforcement material.

An example of a blend useful for thermal and ablative
protection, as well as for use in structural applications,
includes from about 65 to about 67 parts by weight of
silsesquioxane, from about 11 to about 23 parts by weight of
silanol terminated polydiorganosiioxane, from about 12 to
about 22 parts by weight of methylsiloxane resin, from about
40 to about 100 parts by weight of a heat resistant filler and
from about 86 to about 260 pans by weight of a reinforce-
ment material.

A blend useful for forming prepreg roving, for example,
may include from about 50 to about 74 parts by weight of
silsesquioxane, from about 9 to about 25 parts by weight of
silanol terminated polydiorganosiloxane, from about 17 to
about 25 parts by weight of methylsiloxane resin, from about
0 to about 5 parts by weight of a heat resistant filler and from
about 315 to about 400 pans by weight of a reinforcement
material.

It will be appreciated that the amount of each matenal
added to the final composition will vary depending upon the
end use of the composition, and the desired characteristics
and properties thereof. For example, TABLE I hereinbelow
provides different exemplary composition amounts for vari-
ous end-use applications.

Additional examples of useful compositions according to
the present invention are provided in TABLE I hereinbelow.
In TABLE I, the term “tacky” 1s used to describe the

characteristic of the composition that a ply formed therefrom

is capable of adhering to a like ply at room temperature,
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substantially without delaminating therefrom. The term
“dry”” denotes a composition, a ply of which will not adhere
to a like ply. TABLE I shows the compositions components
in parts by weight.

TABLE 1

EXEMPLARY COMPOSITIONS SILICONE POLYMER
(PARTS BY WEIGHT)

il Py

First
Polymer Second Filler! Reinforcement Application
72 28 0 0 Translucent
pancls

40 20 40 0 Bulk Molding
Compound

13 7 80 0 Bulk Molding
Compound

27 10 18 45 (glass mat) Tacky Prepreg
25 8 18 50 Dry Prepreg

20 15 0 65 (glass fabric)? Tacky Prepreg
22 8 0 70 Dry Prepreg

22 10 15 53 (glass fabric)” Tacky Prepreg
24 7 12 S7 Dry Prepreg
25 10 40 25 Dry Prepreg

'Silica

“Appropriate with graphite, Kevlar, silica, quartz, 2-dimensional fabric rein-
forcements and the like.

(Note that the compositions of Table I above which refer to
filler and/or reinforcement, report the amounts thereof as
weight percentages rather than parts per hundred parts
resin. )

The blend, 1n the form of a resin film or prepreg, may be
prepared and processed into a desired shape by conventional
means such as by molding, extruding, pressing or the like.
The shaped blend may then be cured or at least partially
cured, such that at least one of the silicone polymers is
cured. This provides the shaped blend with structural integ-
rity, and 1t may then be utilized or affixed to an article as
desired, such as by adhesive bonding or the like. Curing may
be by any conventional means for the polymer used, such as
chemical curing or heat curing. The blend is preferably
cured at a temperature below its ceramitization temperature.

Curing of the polymer blend may be by any conventional
method or technique. It is preferred however, to employ a
chemical crosslinking catalyst or curing agent. As will be
appreciated by those skilled in the art, the specific catalyst
employed will vary depending upon the nature of actual
polymers to be cured. Further, it will also be appreciated that
the polymers can be heat cured without the use of a chemical
catalyst.

Preferred methods and/or catalysts for use to crosslink
silicone polymers according to the present invention include
condensation catalysts. It will be appreciated that by pro-
viding the silicone polymers of the invention with proper
reactive groups, other catalysts and initiators can also be
employed, such as for example, silane-olefin addition
(hydrosilation) catalysts; free radical catalysts such as per-
oxide catalysts; heat; and, exposure to ultraviolet light
radiation.
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be used as a blend-curing agent or catalyst when the silicone
polymers contain a vinyl group. An example of such a
silicone 1s as follows:

65

wherein R, is a vinyl group and “n” is as previously defined.
Such silicones can also be catalyzed with ultraviolet light
radiation. |

When the silicone polymers have —Si—H groups in the
terminal positions, or when the polymers have terminal
double bonds, a silane-olefin addition catalyst is useful.

Silicone compounds with hydroxy groups such as those in
the silanol terminated polydiorganosiloxanes described
above, including silanol stopped (“terminated”) polydim-
ethyl siloxane, can also be catalyzed with heat.

The preferred curing system includes a condensation
reaction. A silica acid ester, such as tetraethylsilicate, reacts
with the hydroxyl end groups of the diorgano polysiloxanes
of the invention composition in a condensation reaction. The
reaction results in the release of an alcohol, and the reaction
1s catalyzed with a metal soap such as for example, dibu-
tyltindilaurate.

A still more preferred catalyst is an organo-zinc com-
pound, such as zinc hexanoic acid. A preferred amount of
this catalyst is from about 0.01 to about 1.0 percent by
weight of the resin blend, and more preferably, from about
0.1 to about 0.5 percent by weight. The exact amount of
catalyst of course, will vary depending upon the end use
application of the composition.

It 1s believed that the condensation catalyst such as zinc
hexanoic acid, catalyzes the condensation reaction of the
silanol end groups present in the silanol terminated poly-
diorganosiloxane and the residual hydroxy (silanol) groups
believed to be present in the polydimethylsiloxane polymer
and in the methylphenylsesquisiloxane. The reaction is
preferably carried out at from about 350°-400° F. The
reaction temperature 1S not critical to the invention, and can
be lower if more catalyst is used. The reaction causes the
silicone composition to gel and form a 3-dimensional poly-
mer network. The starting silicone compositions do not
necessarily require a curing agent, and may be cured with
heat alone through the condensation of silanol and hydroxy
groups, as previously discussed.

Crosslinking between the first and second silicone poly-
mers provides structural integrity to the composite by form-
ing a rigid 3-dimensional network. It is preferred to use an
cffective amount of the crosslinking catalyst. Because the
amount of curing required will vary depending upon the end
use of the materials according to the present invention, the
“effective amount” of the crosslinking catalyst will vary. An
example of an effective amount of the crosslinking catalyst
1s from about 0.05 to about 5 percent by weight, and more
preferably, about 0.1 to about 3 percent by weight, based
upon the total weight of the resin blend and the filler if
employed.

Alternatively, the blend may be coextruded, laminated or
otherwise affixed or applied to an article prior to curing.
After being affixed to the article, the blend may be cured.
The curing of the blend may provide adhesion to the article.
Preferably, the article itself is curable, and the blend and the
article are co-cured.

Upon exposure to high temperatures, such as above about
1100° E. (590° C.), at least one of the silicone polymers
ceramitizes. As a ceramic, the inventive material provides
high temperature and thermal shock resistance, as will be
exemplified hereinbelow.
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'The blend according to the invention may be laminated to
a fabnic or the like, or may be otherwise conventionally
processed to form an article, prior to cuning. Similarly, the
blend according to the present invention may form a com-
ponent of a composite, wherein the composite is to have the
desired structural and thermal properties of the inventive
blend. Composite parts according to the invention can be
fabricated as aircraft parts or thermal protection structures,
at mild process conditions and with a minimum of scrap due
to the need for little or no machining.

Furthermore, as will be demonstrated hereinbelow, the
matenals according to the present invention have improved
resistance to thermal shock as compared to other silica based
materials heretofore known 1n art. The present materials are
capable of withstanding sudden, substantially instantaneous
exposure to high temperatures. For example, sudden expo-
sure to temperatures increasing from ambient to as high as
4000° F. 1n five seconds are contemplated. It is the inventors’
belief that as the heat is applied to the invention materials,
the organosilane components thereof begin to decompose at
these temperatures, and that the decomposition products
react resulting ultimately in a ceramic i.e., silica material.
The materials are shown to be ceramic because of the
absence of organic groups. The thermally induced stresses
that are present in the material due to any temperature
gradient which develops due to the thermal shock, are
compensated for by the decomposition of the organic con-
stituents in the material. That is, the volumetric increase
caused by thermal growth, is compensated for by the shrink-
age of the decomposing organic components. The thermally
induced stresses are thereby effectively neutralized and the

matenal does not crack.

- In general, a resin blend is first prepared by mixing the
silicone polymers and optionally, a catalyst and the filler as
discussed hereinabove. This resin blend is then used to
impregnate reinforcing fibers, in any of the variety of forms
discussed hereinabove. An impregnated fiber of this nature
1s commonly known as a “prepreg’’. At this point preferably,
substantially no chemical reaction of the polymers in the
resin blend has occurred.

A number of plies of prepreg is then taken and assembled.
The prepreg stack is preferably cured at temperatures of at
or above about 350° E to 400° E,, or lower if more catalyst
1s used, and preferably below about 1100° E.,, and under
pressure using either a compression mold or autoclave mold
and the like, as 1s conventional in the art. The result is called
a composite laminate. The materials of the present invention
are capable of being formed into complex shapes by this
method.

It has been unexpectedly found that a wide range of
pressures can be employed in forming the laminate struc-
tures according to the invention. The viscosity curves of the
invention compositions are generally low, such that low
amounts of pressure will compact the invention composi-
tions.

It has also been unexpectedly found that during curing,
the compositions according to the present invention do not
have an exotherm. As is common with many materials such
as various epoxy compounds, an exotherm is present during
curing. Such exotherms often promote internal stresses in
the matenials being processed. Because the present compo-
sitions cure without an exotherm, thick layers of composi-
tion may be formed without danger of exotherm induced
stress failures.

The composite laminate, when exposed to temperatures
above about 1100° F. (590° C.), will be converted from the
silicone organic polymer to the silica ceramic by the decom-
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position of the organic polymer, reaction with by-product
silicon in situ, and the evolution of water and carbon
containing volatiles. The exposure to high temperature may
be carried out by firing the material at higher temperatures
(above about 1100° F.) prior to its intended application, or
exposing the composite to high temperatures while in its
intended application.

It has also been unexpectedly found that compositions
according to the present invention can be successfully
co-cured with other materials such as epoxies, bismaleim-
ides, polyimides and phenolic composites, often used in the
formation of structural composites. The structural composite
elements fabricated from epoxies, bismaleimides, polyim-
ides, polyesters and phenolic materials will generally not
withstand localized high temperature flames. By having a
layer of a composition according to the present invention
co-cured thereto to form a lamination, high temperature
resistance 1s effectively imparted to the structural composite.

It has been further unexpectedly found that even after
being subjected to high temperatures, as will be exemplified
hereinbelow, the invention composition remains laminated
to the structural matenal. Thus, even after being exposed to
a high temperature, laminate structures according to the
present invention retain high temperature resistance because
the invention material remains laminated thereto.

The compositions according to the present invention are
generally translucent, particularly if no filler material is
employed. Such compositions can be empioyed to fabricate
high temperature and thermal shock resistant window struc-
tures.

Target properties for the blend and composites of the
present invention include high thermal stability and resis-
tance to thermal shock and extended lifetimes at operating
temperatures and conditions. These properties include resis-
tance to erosion and mass loss when subjected to high levels
of heat flux and particle laden flame, maintenance of elec-
trical properties over a wide temperature range, compliance
and sealing ability prior to ceramitization (as in gasket
applications), and thermal performance and mechanical
integrity over time.

SPECIFIC EXAMPLES

In order to exemplify blends according to the present
invention, the constituents of TABLE II hereinbelow were
mixed in a hot-melt, solventless mixer. The mix was then
hot-melt filmed onto release paper and impregnated with 81
parts by weight of glass fibers per 100 parts by weight of
resin biend.

TABLE 1l
BLEND COMPONENTS

Components Amount®
Second silicone® 36
First silicone® 32
Filler¢ 32
100

Yparts by weight;
®)a polydiorganosiloxane having a nominal viscosity of about 400 cp:;
“Ja silsesquioxane having a nominal viscosity of from about 500,000 to about

1,000,000 cp;
Dgilica

From the fiber reinforced film, prepreg sections were cut
and laid up in a conventional manner. The prepreg stack was
cured 1n a press mold at 350° E for 120 minutes, at from
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about 15 to about 2000 psi. The cured prepreg (composite

laminate) may optionally be subjected to a postcure at 500°
E

The prepreg was then tested to determine composite
properties, ablative performance and mechanical properties,
as will be discussed hereinbelow.

In order to determine composite properties of the prepreg,
samples prepared according to the procedure set forth above
were subjected to thermogravimetric analysis (TGA) at a

heating rate of 20 degrees fahrenheit per minute. Results of
the TGA are reported in TABLE IlI hereinbelow.

TABLE III
THERMOGRAVIMETRIC ANALYSIS

Temperature Range Weight Loss, Percent

Room temperature - 500° E
500-1300° E
1300-1800° F.

2% (1% with postcure)
11%
0%

These results show that there was no weight loss at
temperatures above 1300° F. Hence, blends according to the
invention possess high temperature resistance.

To determine the resistance to erosion and mass 10ss
performance of the composite, samples were subjected to
exposure to a kerosene/oxygen supersonic, high temperature
flame containing alumina particles. The composite was
heated to 4200° E and held at this temperature for six
seconds. Weight loss was determined to be 0.5 percent. For
comparison, MXBE350 phenolic resin composite material
avatlable from Fiberitc, Inc., was subjected to the same
ablative test. Weight loss was determined to be 7.2 percent.

In the same test, erosion was measured at 0.015 inches.
For comparison, MXBE350 material was subjected to the
same test, resulting in an erosion of 0.4 inches.

To demonstrate the mechanical or structural properties of
the cured, nonceramitized composite according to the
present invention, the resin blend of TABLE Il was rein-
forced in 120 style E-glass fabric available commercially,
for example, from Owens Corning. A stack of thirty plies of
the prepreg was cured at 375° E. and 50 psi. The material
was then tested for various mechanical properties as shown

in TABLE IV and according to the ASTM tests listed
therein. |

TABLE IV

MECHANICAL PROPERTI]
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Additional similar tests were also conducted, comparing
the silicone composites of the present invention to control
materials. For example, additional erosion resistance tests at
various heat flux conditions and with various amounts of
alumina particles in the flow were conducted as shown 1n
TABLE V. For comparison, MXBE350 composite material
was again used as the control. Erosion 1n inches and mass
loss in grams was determined throughout the tests. In
TABLE V, a negative number indicates an increase in the
mass of the test specimen, indicative of a swelling of the
material and/or a deposit on the test specimen from the
particulate material in the test flame.

TABLE V
EROSION AND MASS LOSS

Invention
Composite
Peak

Erosion

(in)

—0.007
—-0.004

Invention
Composite
Mass Loss

(g)

1.60
1.90

Control
Mass

Loss

(g)

2.50
6.90

Control
Peak

Erosion

(in)

—0.0120
0.0380

Alumina
Particle
Flow
(Ib./h)

Heat

Flux

(Btu/
ft* - 5%

262.00
683.00

0.00
0.00

1093.00
262.00
683.00
683.00
683.00

1093.00
262.00
683.00

1093.00

0.00
10.00
10.00
10.00
10.00
10.00
20.00
20.00
20.00

0.1350
0.1270
0.2300
0.2270
0.2120
0.3180
0.1620
0.2800
0.3660

0.024
0.008
0.021
0.030
0.036
0.072
0.017
0.021
0.049

10.00
10.00
11.00
10.80
10.60
10.90
11.90
13.10
13.10

2.20
1.30
1.10
1.60

2.20
1.80

2.20

——
|.-‘
bl

“second

As shown in TABLE YV, the silicone composite materials
of the present invention showed less erosion and mass loss
under a wide range of flame severities, as compared to the
control phenolic resin composite materials, and thereby,
showing the oxidation resistance of the invention compos-
ites.

A bum-through test was also conducted by subjecting
similarly dimenstoned materials to a 3300° E. flame at a
pressure of 250 psi to simulate a commercial jet engine heat
shield exposure. The phenolic composite showed a bum-
through atter 80 seconds, while the silicone composite of the
present invention exhibited no bum-through alter 180 sec-
onds complying with proposed Federal Aviation Adminis-
fration tiAA) regulations. In contrast, a conventional heat

S

Test of Mechanical

ASTM Test Property Units Room Temperature
ks1®
msi®
ks1
msi
ksi
mnsi

ks

35.8
2.4

15.9
1.74
0.7
2.2
1.4

Tensile Strength
Tensile Modulus

Flex Strength

Flex Modulus
Compression Strength
Compression Modulus
3846 Shear Strength
“thousands of pounds per square inch
Pmillions of pounds per square inch

inate of TABLE

IV was determined to be 1.55 at room temperature and 1.52
after one-half hour at 750° F. when tested at ambient

temperature.

The specific gravity of the composite la

65

After 2 hrs. at 500° F.

After ¥2 hrs. at 750° E

Tested at Ambient Tested at Ambient

33.4 23.1
2.5 2.1

18.8 11,7
1.92

11.3 6.5
2.3
1.98 0.5

shield of refractory fibers encased 1n a loose aluminum
blanket exhibited bum-through in 6 seconds.

Additional bum-through tests were also conducted on
composite panels having one or more layers formed from
compositions according to the present invention, laminated
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to two or more layers of bismaleimide carbon fiber-based
composite. The invention compositions were prepared sub-
stantially according to the formulation of TABLE II here-
inabove, with the addition of reinforcing fibers as will be set
forth hereinbelow. As will also be set forth below, the
composite panels included a number of layers of a bisma-
leimide carbon fiber composite fabric available from BP
Chemicals (Hitco) Inc. The resin employed is V-388 irom
BP Chemicals (Hitco) Inc. and the fibers are AS4 fibers from
Hercules, Inc. The number of layers in each composite

panel, as well as the fiber reinforcement employed, are listed
in TABLE VI hereinbelow.

TABLE VI
COMPOSITE PANEL BURN-THROUGH TEST

Panecl No. A B C D

Number of Plies:

V-388 resin/AS4 fibers 4 4 4 2
Invention Composition 1 2 3 2
Reinforcement In: glass glass glass carbon
Invention Composition fibers fibers fibers fibers

Each of the panels as set forth in TABLE VI was subjected
to a 2000° F. flame for 15 minutes, with the flame being
directed toward the side of the composite panel having the
invention layers thereon. Other test parameters included an
air flow rate of 233 feet/second at a pressure of 6.3 psi for
5 minutes and 138 feet/second at a pressure of 2.6 psi for 10
rminutes.

No flame penctration was observable on the side of each
panel opposite the invention layer. Panel Nos. B, C and D
showed substantially no delamination, and no other observ-
able damage to the side of the panel to which the flame was
applied.

A further application that demonstrates the capability of
the silicone composite in a high performance application 1s
that of aerospace vehicle radomes. A radome protects sen-
sitive electronic instruments such as the antenna assembly of
radar sets from the high temperatures experienced in flight.
Radomes need to have high temperature capability, have low
dielectric constants which are stable throughout the opera-
tional temperature range, and be insulators. For vehicles
travelling at high speeds, radome temperatures can approach
750° F. (for short times, however). Composite radomes used
in such applications are normally based on polyimide resin
matrices. Composites based on silicone resins, according to
the present invention, offer several advantages, as demon-
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strated in TABLE VII hereinbelow.

TABLE VII

SUITABILITY OF SILICONE RESIN COMPOSITES
FOR RADOME APPLICATIONS |

o RESIN MATRIX

PROPERTY Polyimide Silicone
Composite Difficult, long and high Easy 2 hours
Processability temperatures cure cycles 6 at 375° F.

hours at 600° E
Temperature RT — 600° F. RT — 2000° F.
Capability
Diclectric Cont. RT 3.7 3.75
Dielectric Cont. Not measured 3.54
750° F.
L.oss Tangent, RT .01 01"
Loss Tangent Not measured 006

750° E

RT = Room Temperature

The high performance, processable and high temperature
characteristics of the silicone resin based composites are
according to the invention also exemplified in gasket appli-
cations. In the cured form, the silicone resin based compos-
ites can be heated above its glass transition temperature (T,),
where it will become relatively soft and compliant, which
are necessary properties for a gasket. After component
assembly and subsequent exposure to high temperatures, the
silicone composite undergoes ceramitization, thus, provid-
ing excellent thermal stability. Prototype gaskets have
undergone successtul engine testing. High temperature gas-

kets can also be used for applications in the 0il and chemical
industry, in general.

It will be appreciated that blends according to the inven-
tion have applications beyond those already discussed. As
examples, TABLE VIII contains a number of blends accord-
ing to the invention, and the amounts thereof, as may be
useful for a number of applications which are aiso listed. In
TABLE VIII, the silicone resins are shown in parts by
weight. The total amount of silicone resins form the “resin
mix”’. The filler and reinforcement materials are shown in
parts per 100 pans of the resin mix.
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TABLE VIII
APPLICATION OF SILICONE RESIN COMPOSITES
Silicone Resin Type (Parts by Weight)
Silanol Filler Reinforcement
terminated  Methyl siloxane  (Parts/100 parts  (Parts/100 parts
No.  Silsesquioxane PDMS* resin - of resin mix) of resin mix) Application
I 50 34 16 354 0 Bulk Molding Compound
2 30 34 16 100 0 Bulk Molding Compound
3 50 34 16 375 25 Lightweight Prepreg
4 64 24 12 100 27 Prepreg
5 65 23 12 47 20 Resin Rich Prepreg
6 67 11 22 100 86 Composites for Thermal
Protection
7 65 23 12 47 120 Composites for Thermal
Protection
8 65 23 12 46 145 Ablative Protection
0 65 23 12 46 179 Heavy PrePreg - Ablative
Protection
10 65 23 12 40 260 Structural Ceramics
11 74 9 17 5 315 Prepreg Roving
12 90 5 5 0 186 Electronic Composites
13 50 | 25 25 0 400 Prepreg Roving
“polydimethylsiloxane

In addition to the applications noted above, such materials
according to the invention have utility in, for example, the
protection of building exteriors. Translucent panels are often
used as exterior walls in certain buildings and the like. These
panels provide ease of assembly and diffuse light to the
interior of the building. Such panels are generally con-
structed from polyester sheets separated by a glass mat and
surrounded by an aluminum frame. The compositions
according to the invention are useful to improve the fire
resistance of such panels. In one test, a form of a compo-
sition according to the present invention was applied to such
a panel. A control panel without the film and the coated
panels were tested according to ASTM E119 which included
subjecting panels to a flame which ramps up from 1000° E.
to 1750° F. in one hour. After the ramping to 1750° F., the
panel 1s held at 1750° E. for two hours. The control panel
burned through consistently during the ramp up in from 20
to 45 minutes, at about 1400° F., while the panel with the
inventive film applied thereto did not burn through until 120
minutes or longer after 1750° E had been reached, corre-
sponding to a 2 hour fire rating.

In another test with respect to burn through, an aluminized
blanket material, similar to that discussed above, and a
matenial according to the present invention were subjected to
a 3300° F. flame at a pressure of 250 pounds per square inch
(psi). The aluminized blanket showed a burn through after 6
seconds, while that of the present invention did not bum
through until 118 seconds. At 4200° F. and a pressure of 150
psi, a control phenolic composite material burned through
after 80 seconds, while the material according to the present
invention showed no burn through at 180 seconds. The
materials according to the invention, by virtue of there ease
of fabrication are capable of being used to protect structures
such as heat pipes or the like in high temperature environ-
ments, for example, in commercial jet engines.

The invention 1s also useful in high temperature tooling
for the manufacture of composites. Such tools are usually
manufactured from metai alloys. For the fabrication of high
temperature advanced composites, for example, those based
on for example, bismaleimide and polyimide resin matrices,
high temperature refractory metal, tools need to be used.

Such metal tools have a number of drawbacks. By compar-
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ing the various properties of conventional metal tooling to
silicone composite tooling according to the invention, the
drawbacks of the metal tools and the advantages of the
inventive tools are shown. Table IX contains a listing of
various properties necessary for such tooling, and a com-
parison of conventional metal tooling with tooling according
to the present invention.

TABLE IX

SUITABILITY OF SILICONE RESIN COMPOSITES
FOR HIGH TEMPERATE TOOLING

Conventional Silicone
Property Metal Tooling Composite Tooling
Temperature Capability 750° E. 750° FE
Vacuum Integrity Excellent Good
Weight Heavy Light
Corrosion Resistance Poor Good
Ease of Repair Poor Good
Heat-Up/Cool Down Slow Fast
Cost High Low

It has also been found that composites according to the
present invention possess low fire, smoke and toxicity (FST)
properties. Silicone matrix resin composites according to the
invention, are ideally suited for applications that require
high FST resistant propertics. The ability of the inventive
materials to be co-cured with other composites is also
desirable in this application. Incorporation of a layer of the
inventive material onto a structural composite can improve
the FST properties thereof. Table X lists the results of heat
release testing in this regard.

TABLE X
RESULTS OF HEAT RELEASE TESTING

Peak Heat Total Heat Release
Material Release Time to Peak (At 2 min)
Reinforcement (kW/m?) Heat (S) (kW/m"°)
AS4 3K PW 13.3 232 -3.0
carbon
Silica Fabric 15.5 248 —3.2
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TABLE X-continued
RESI_.ILTS OF HEAT RELEASE TESTING

Peak Heat Total Heat Release
Material Release Time to Peak (At 2 min)
Reinforcement (kW/m?) Heat (S) (kW/m?)
Glass Fabric 11.1 234 —4.6
Glass Mat 27.7 206 ~3.3
Max Allowable 65 — 65

As briefly discussed above, the processability, high tem-
perature propertics, and low dielectric constant make the
invention materials favorable for several applications requir-
ing such electrical properties. For example, the mechanical,
physical, thermal and electrical properties in particular make
the silicone matrix composites according to the invention
attractive candidates for the fabrication of printed circuit
boards. Table XI below shows examples of silicone matrix
laminates according to the invention and the electrical
properties thercof. These materials were tested according to
ASTMD250-86(90). According to that test, the frequency of
testing was 9.375 GHz and the material was tested at room
temperature.

TABLE XI
ELECTRICAL PROPERTIES OF SILICONE LAMINATES

Thickness Wavelength Dielectric Loss
Specimen (cm) Co-efficient Constant Tangent
] 1.250 0.7406 3.97 0.009
2 1.248 0.7352 3.94 0.011
3 1.300 0.7717 3.12 0.024
4 1.503 0.7544 2.99 0.020

In Table XI above, Specimens 1 and 2 were reinforced

with glass fabric while Specimens 3 and 4 were reinforced
with silica fabrc.

It is known in the industry that increasing the density of
components on a printed circuit board is an advantage.
However, increasing density causes thermal management
problems. Use of the silicone based composites according to
the present invention offers advantages due to the low loss
tangent relative to conventional printed circuit board mate-
rials. A comparison of loss tangent on composite materials
used in printed circuit boards is reported in Table XII
hereinbelow.

TABLE XIII

COMPARISON OF LOSS TANGENT ON COMPOSITE
~ MATERIALS USED IN PRINTED CIRCUIT BOARDS

—

Materials Loss Tangent
Epoxy 0.15
Polyimide 0.09
Silicone 0.01

The silicone materials according to the invention, as
reported in TABLE XII, showed the lowest loss tangent.

Thus it is shown that the present invention includes
blends, composites, articles and methods which are highly
cftective in providing high temperature and thermal shock
resistance. Furthermore, the materials of the present inven-
tion are processable by conventional techniques. For
example, prepreg can be laid up by hand, followed by
compression molding, normally at high pressures of up to
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2000 pounds per square inch (psi) or higher; autoclave
molding which i1s normally run at pressures of from about
100 to about 200 psi; shrink tape molding at low pressures
of about 7 psi; and filament winding at zero or ambient
pressures. All such moldings may be accomplished with the
application of heat.

Based upon the foregoing disclosure, 1t 1S now apparent
that the blends, composites, articles and methods described
herein carry out the objects of the invention set forth
hereinabove. It 1s, therefore, to be understood that any
variations fall within the scope of the claimed invention and
thus, the selection of specific component elements and
processing conditions can be determined without departing
from the spirit of the invention herein disclosed and
described. In particular, specific silicone components, fillers,
reinforcements, amounts thereof and the like, according to
the present invention are not necessarily limited to those
discussed and exemplified. Thus, the scope of the invention
includes all modifications, equivalents and variations that
fall within the scope of the attached claims.

What 1s claimed 1s:

1. A processable blend having high temperature, oxidation
and thermal shock resistance comprising:

a resin blend comprising a silsesquioxane component
comprising at least one silsesquioxane polymer and at
least one polydiorganosiloxane component;

wherein said resin blend is ceramitizable at a temperature
above about 1100° E.;

and wherein at 25° C. said silsesquioxane component has
a viscosity of about 500,000 centipoise and above, and
said polydiorganosiloxane component has a viscosity
of from about 10 to about 1000 centipoise.

2. A blend as 1n claim 1, wherein said polydiorganosilox-
ane component is selected from the group consisting of
silanol terminated polydiorganosiioxane, methyl terminated
polydiorganosiloxane and mixtures thereof.

3. A blend as in claim 1, wherein said silsesquioxane
component and said polydiorganosiloxane component are
individually selected from silicone homopolymers or sili-
cone copolymers.

4. A blend as in claim 3, wherein said silicone homopoly-
mers comprise a polysiloxane having the general formula

flil Illl Ilh
R3—S|i O Sli—O Sli—R3
R, Ry R,

n

wherein R, and R, are the same or different and are
hydrogen, an alkyl group having from about 1 to about 6
carbon atoms, a phenyl group, a vinyl group, or a haloge-
nated said alkyl, phenyl or vinyl group; R, 1s the same as R,
or R, or is an hydroxy group; and, n is an integer of from
about 0 to about 10,000.

5. A blend as in claim 3, wherein said silicone copolymers
have the general formula

R R R
HO Si—o—Si—o—s[i——o' H
R4 Rs R4

wherein at least one of R,, R and R are different and are
selected from hydrogen, alkyl, alkyl phenyl or vinyl, where
said alkyl has from about 1 to about 6 carbon atoms; and x
is an integer of from about 1 to about 10,000.
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6. Ablend as in claim 3, wherein said silicone copolymers
comprise the reaction product of linear polydimethylsilox-
ane having silanol end groups, with p-bis(dimethylhydrox-
ysilyl)benzene.

7. Ablend as in claim 3, wherein said silicone copolymers
comprise a silicone-polyether block copolymer.

8. A blend as in claim 2, wherein said methyl terminated
polydiorganosiloxane is methyl terminated polydimethyl
siloxane.

9. A blend as in claim 8, wherein said resin blend
comprises from about 50 to about 90 parts by weight of said
at least one silsesquioxane polymer; from about 5 to about
35 parts by weight of said at least one silanol terminated
polydiorganosiloxane and from O to about 25 parts by weight
of said methyl terminated polydimethylsiloxane.

10. A blend as in claim 1, further comprising from about
0 to about 375 parts by weight of a heat resistant filler
material selected from the group consisting of discontinuous
fibers, particles and mixtures thereof, based upon 100 parts
by weight of said resin blend.

11. A blend as in claim 10, comprising from about 5 to

about 50 pans by weight of said heat resistant filler material,
said filler material being selected from inorganic oxides,
inorganic carbides, inorganic nitrides, or mixtures thereof.

12. A blend as in claim 11, wherein said inorganic oxides
are selected from the group consisting of silica, alumina,
aluminosilicates, and mixtures thereof.

13. A blend as in claim 1, further comprising from about
0 to about 400 pans by weight of fibrous or felt reinforce-
ment members.

14. A blend as 1n claim 13, comprising from about 70 to
about 250 pans by weight of said fibrous or felt reinforce-
ment members.

15. A blend as in claim 13, wherein said fibrous rein-
forcement members are fibers selected from the group
consisting of glass, quartz, silica, carbon, aluminosilicate,
amide, and mixtures thereof.

16. A blend as in claim 15, wherein said amide 1s an
aramide.

17. A blend as in claim 1, further comprising an effective
amount of a blend-curing catalyst selected front the group
consisting of condensation catalysts; silane-olefin addition
catalysts; and, free radical catalysts.

18. A blend as in claim 17, wherein said condensation
catalyst 1s an organo-zinc compound.

19. A blend as in claim 18, wherein said organo-zinc
compound 1s zinc hexanoic acid.

20. A blend as in claim 17, wherein said free radical
catalysts are each selected from the group consisting of
peroxide catalysts.

21. A blend as in claim 8, comprising (i) about 72 parts by
weight of said silsesquioxane polymer having the general
formula RS10,,, where R is methyl, phenyl or a mixture of
methyl and phenyl, and having a viscosity of about 500,000
centipoise and above at 25° C.: (11) about 10 parts by weight
of methyl terminated polydimethylsiloxane; and, (ii1) about
18 parts by weight of a mixture containing about equal parts
by weight of methyl terminated polydimethylsiloxane and
silanol terminated polydimethylsiloxane; wherein said
methyl terminated polydimethylsiloxane and said mixture
each have a viscosity of from about 10 to about 1000
centipoise at 25° C.

22. A blend as in claim 2, comprising from about 50 to
about 65 parts by weight of said silsesquioxane and from
about 23 to about 35 pans by weight of said silanol termi-
nated polydiorganosiloxane.

23. A blend as 1n claim 22, further comprnsing from about
12 to about 16 parts by weight of methyl terminated poly-
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dimethylsiloxane, from about 47 to about 375 parts by
weight of a heat resistant filler material, and from about O to
about 27 parts by weight of a reinforcement material.

24. A blend as in claim 2, comprising from about 63 to
about 67 parts by weight of said silsesquioxane and from
about 11 to about 23 parts by weight of said silanol termi-
nated polydiorganosiloxane.

25. A blend as in claim 24, further comprising from about
12 to about 22 parts by weight of methyl terminated poly-
dimethylsiloxane, from about 40 to about 100 parts by
weight of a heat resistant filler material, and from about 86
to about 260 parts by weight of a reinforcement material.

26. A blend as in claim 2, comprising from about 50 to
about 74 parts by weight of said silsesquioxane and from
about 9 to about 25 parts by weight of said silanol terminated
polydiorganosiloxane.

27. A blend as 1n claim 26, further comprising from about
17 to about 25 parts by weight of methyl terminated poly-
dimethylsiloxane, from about O to about 5 parts by weight of
a heat resistant filler material, and from about 315 to about
400 parts by weight of a reinforcement material.

28. An article containing a layer of material formed from

a silicone blend comprising:

a first silicone polymer component comprising at least one
silsesquioxane and,

a second silicone polymer component comprising at least
one polydiorganosiloxane;

wherein the blend is ceramitizable at a temperature above
about 1100° E.;

and wherein at 25° C. said first silicone polymer compo-
nent has a viscosity of about 500,000 centipoise and
above and said second silicone polymer component has
a viscosity of from about 10 to about 1000 centipoise.

29. An article, as set forth in claim 27, wherein said
polydiorganosiloxane 1s selected from the group consisting
of silanol terminated polydiorganosiloxane, methyl termi-
nated polydiorganosiloxane and mixtures thereof.

30. An article as in claim 29, wherein said methyl termi-
nated polydiorganosiloxane is methyl terminated polydim-
ethylsiloxane.

31. An article, as set forth in claim 30, wherein the
silicone blend comprises from about 50 to about 90 parts by
weight of said at least one silsesguioxane; from about 5 to
about 35 parts by weight of said at least one silanol termi-
nated polydiorganosiloxane; and, from about O to about 25
parts by weight of said methyl terminated polydimethylsi-
loxane.

32. An article, as set forth in claim 28, wherein the
silicone blend further comprises from about O to about 375
parts by weight of a heat resistant filler material, based upon
100 parts by weight of said silicone blend.

33. An article, as set forth in claim 32, wherein said heat
resistant filler material 1s selected from i1norganic oxides,
inorganic carbides, inorganic nitrides, or mixtures thereof.

34. An article as in claim 33, wherein said inorganic
oxides are selected from the group consisting of silica,
alumina, aluminosilicates, and mixtures thereof.

35. An article as set forth in claim 28, wherein the silicone
blend further comprises from about 0 to about 400 parts by
weight of fiber or felt reinforcement members.

36. An article, as set forth in claim 28, wherein the
silicone blend further comprises an effective amount of fiber
or felt reinforcement members.

37. An article, as set forth in claim 36, wherein said
reinforcement members are selected from glass, quartz,
silica, carbon, alumina, aluminosilicate, amide, or mixtures
thereof.
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38. An article, as set forth in claim 28, wherein the
silicone blend further comprises an effective amount of a
blend-curing crossiinking agent selected from the group
consisting of condensation catalysts; silane-olefin addition
catalysts; and, free radical catalysts.

39. A method of providing an article with high tempera-
ture and thermal shock resistance comprising:

forming a blend of a first silicone polymer component
having a viscosity of about 500,000 centipoise and
above, at 25° C. and comprising at least one silsesqui-
oxane and a second silicone polymer component hav-
ing a viscosity of from about 10 to about 1000 at 25°
C. and comprising at least one polydiorganosiloxane,
wherein the blend is ceramitizable at a temperature
above about 1100° E.; and,

at least partially curing at least one of said first and second
silicone polymer components at a temperature below
the ceramitization temperature.

40. A method as in claim 39, wherein said polydiorga-
nosiloxane is selected from the group consisting of silanol
terminated polydiorganosiloxane, methyl terminated poly-
diorganosiloxane, and mixtures thereof.

4]1. A method, as set forth in claim 39, wherein forming
said blend includes incorporating an effective amount of
fibrous reinforcement members.

42. A method as in claim 39, wherein at least one of said
first and second silicone polymers is cured with an initiator
selected from the group consisting of heat, ultraviolet light
radiation, condensation catalysts, silane-olefin catalysts, and
free radical catalysts.

43. A method of producing an article with high tempera-
ture and thermal shock resistance properties comprising:

precparing a silicone blend of a first silicone polymer
component having a viscosity of about 500,000 centi-
poise and above at 25° C. and comprising at least one
silsesquioxane polymer and a second silicone polymer
component having a viscosity of from about 10 to about
1000 at 25° C. and comprising at least one polydior-
ganosiloxane, wherein the blend 1s ceramitizable at a
temperature above about 1100° E;

forming the blend into the shape of the desired article;
and,

curing at least one of said first and second silicone
polymer components at a temperature below the ceram-
itization temperature.

44, A method as in claim 43, wherein said polydiorga-
nosiloxane is selected from the group consisting of silanol
terminated polydiorganosiloxane and methyl terminated
polydiorganosiloxane.
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45. A method as in claim 43, wherein at least one of said
first and second silicone polymers 1s cured with an imtiator
selected from the group consisting of heat, ultraviolet light
radiation, condensation catalysts, silane-olefin catalysts, and
free radical catalysts.

46. A composite laminate comprising:

a first layer formed from a resin blend comprising at least
one silsesquioxane component and at least one poly-
diorganosiloxane component, wherein at 25° C. said
silsesquioxane component has a viscosity of about
500,000 centipoise and above, and said polydiorganosi-
loxane component has a viscosity of from about 10 to
about 1000 centipoise, and wherein said resin blend is
ceramitizable at a temperature above about 1100° E;
and, |

a second layer comprising a composite material diiterent
from said first layer; wherein said first and second
layers are co-cured.

47. A composite laminate as in claim 46, wherein said
second layer composite material is selected from the group
consisting of fiber reinforced epoxy, bismaleimide, poly1im-
ide, polyester and phenolic composites and mixtures thereof.

48. A composite laminate as in claim 47, wherein said
fiber is selected from the group consisting of glass, quartz,
silica, carbon, aluminosilicate, amide, and mixtures thereof.

49. A method of forming a composite laminate compris-
ing:

co-curing a first composite layer with a second composite
layer;

wherein said first composite layer is formed from a resin
blend comprising at least one silsesquioxane compo-
nent and at least one polydiorganosiloxane component,
wherein at 25° C. said silsesquioxane component has a
viscosity of about 500,000 centipoise and above, and
said polydiorganosiloxane component has a viscosity
of from about 10 to about 1000 centipoise, and wherein
said resin blend is ceramitizable at a temperature above
about 1100° F.; and wherein said second composite
layer is formed from a material different from said first
composite layer.

50. A method as in claim 49, wherein said second com-
posite layer is formed from a material selected from the
group consisting of fiber reinforced epoxy, bismaleimide,
polyimide, polyester and phenolic composites and mixtures
thereotf.
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